Abstract -The molecular and electronic structure of mononuclear,dinuclear,polyuclear complexes and clusters of rare earths are discussed systematically,by an extended INDO method made applicable to treat 4f-compounds,with respect to the nature of chemical bonding and factors influencing the coordination number and structural types of lanthanide complexes and organometallics.Some recent investigations in our laboratory on the synthesis,molecular and electronic structure of some novel peroxy-bridging tetranuclear lanthanide complexes will a l s o be discussed.
INTRODUCTION
In recent years the coordination and organometallic chemistry of rare earths have become one of the most fruitful and exciting fields of study.The successful syntheses of numerous novel rare earth compounds and their peculiar optical,magnetic,superconducting and catalytical properties not only attract extraordinary interests from experimental chemists but a l s o give a great challenge in theoretical aspects. The partially filled 4f-subshell of lanthanide compounds exhibits special optical and magnetic behaviour.The theoretical analysis of these phenomena is usually undertaken in terms of ligand field theory.However,for the study of chemical behaviour,such as the catalytic activities and the long-standing controvercy over the nature of chemical bonding of 4f-organometallics, and also for the prediction of new lanthanide compounds,it is more appropriate to use the molecular orbital theory.
In order to apply the molecular orbital theory for the calculation of the electronic structure of lanthanide compounds,we have extended the INDO formalism to 4f orbitals,derived all the expressions needed for the SCF MO calculations involving 4f atomic orbitals and evaluated VOIP,Slater and Racah parameters from the most recent spectral data (refal-3).An INDO program suitable for the lanthanide compounds was written and published (ref.2) .It is well-known that the choice of the basic set of atomic orbitals is very important in ab initio as well as approximate MO calculations.Therefore we have proposed a set of double zeta wave functions of the 4f orbitals for the whole series of 1anthanides.The optimized Slater exponents and the corresponding extension coeficients were obtained to fit the best Hartree-Fock numerical 4f orbitals of lanthanide elements (ref.4).
MONONUCLEAR COMPLEXES AND ORGANOMETALLICS
There are several long-standing controversies and questions in 4f-coordination and organometallic chemistry.They are: (1)What is the nature of lanthanide-ligand bonding,covalent or ionic? (2)If covalent,which orbitals contribute to bonding,5d,68,6p or 4f? (3)Why the coordination number of Ln atom or ion can vary in such a wide range from 3 to 12? What factors determine the C.N.?(4)Under what conditions it will be possible to form polynuclear complexes and clusters? Table 1 shows that the Mulliken bond order of the Nd-N bond is maximum at bond angle of N-Nd-N equal to 100 ,which explains the pyramidal structure of the molecule.(d)Since the central lanthanide atom has nine valence orbitals: (5d),(6s) and (6p),it tends to assume high coordination number by polymerization o r reaction w i t h other neutral ligands such as solvent molecules unless there are bulky substituent groups R in the amide ligand NR2.Therefore the presence of the bulky trimethgl silicon group R is a very important criterion for the existence of the discrete lanthanide complex LnL with coordination number as small as three due to the steric hindrance agalnst self polymerization. It may be seen that t h e net charge on Lu atom is 0.948,so that the Lu-C bond is mainly covalent with about 31% ionic character-The Mulliken bond order of Lu-C is 0.497. is an example.Here the presence of the bulky tetrabutylammonium cation is an important criterion for the existence of this lanthanide complex. The molecule has an approximate Cs symmetry as shown in fig.5 . It has three covalent Nd-N bonds with an average bond length of 2.50 and four dative covalent bonds with neutral triphenyl p osphine oxide ligands,the average of Neodymium. length of the dative Nd-0 bond is 2.39 k . Fig.6 shows the coordination sphere Molecular structure of Sm(1nd)g Fig. 10 Schematic diagrams of some MO's of Sm(C$7)3
From Fig.10 it may be seen that the MO No.1 of the lowest energy is due to the overlapping of the 6s orbital of Sm and the C 2p pi-orbitals of the five membered rings of the three indenyl ligands,while the four other C 2p piorbitals of the six-membered ring do not participate to the bonding with Sm. MO No 2 is due to the overlapping of 6p orbitals of Sm with the five-membered rings of indengl 1igands.MO ~0.60 is of much higher energy and due to the overlapping of 5d of Sm,while the Mo No.40 is strongly localized to 4f of Sm, without any interaction with the 1igands.The net charge on Sm atom is only 0.471,so that the Sm-ligand pi-bond s are mainly covalent in character.0ther details of the electronic structure may be refered to ref.12.
Mononuclear complexes with C.N. = 10
Cp Gd(THF) and determined its structure,which has C.N.=lO.We have studied it2 electronic structure and bonding (Ren and Xu,to appear) .
9. Mononuclear complexes with C.N. = 11 are very rare.0ne example worthwhile to mention is LaCp (CH CN)2. Fig.l2 shows the schematic diagram of the M o t s corresponding to the bridging methyl bonds. Fig.13 gives the charge distribution of the complex.
The carboxylate bridging lanthanide complexes usually crystallize in polymeric chains. Zhang et al.(ref.l6 ) have succeeded to prepare a dimeric Nd complex by using a bulky neopentanoic acid to prevent from polymerization. where Ln=Pr,Nd,Sm and THF is tetrahydrofurane. The crystal and molecular structure of them have been determined by x-ray diffraction method. Mulliken population analysis gives that the net charges on all atoms in the cluster are nearly neutral.The contribution to covalent bonding is mainly due to the 5d,6s and 6p orbitals of Gd,while the 4f orbitals are strongly 1ocaliced.The C unit in the center of each Gd octahedron,in which there is a C-C single bo&d,is combined with six neighboring Gd atoms by two Gd-C single bonds and eight Gd**C "half bondsI1,so that the total valence of C remains equal to 4.The Mulliken bond order between Gd**Gd is only 0,265.
